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studied  by  polyacrylamide  gel  electrophoresis.  Similar  peptide  band  patterns 
were  seen  in  all  strains  of  Bacteroides  fraoi lis  subspecies  fragilis  studied, 
but  this  pattern  was  distinct  from  the  pattern  found  in  the  outer  membranes 
of  other  subspecies.  The  carbohydrates  and  the  protein  comnonents  were  both 
associated  with  subspecies-specific  immunoprecipitins.  We  propose  that  this 
antigenic  complex  represents  the  outer  membrane  of  13.  f ragilis  in  its  native 
state  and  that  the  imnumologically  important  antigens  of  this  organism  are 
associated  with  this  complex.  A  large  molecu3ar  weiqht  capsular  polysaccharide 
has  been  isolated  from  strains  of  Bacteroides  f raailis  f ragilis .  By  means  of 
electron  microscopy  and  staining  with  ruthenium  red,  the  thick  polysaccharide 
capsule  has  also  been  visulalized.  With  use  of  a  radioactive  antigen  binding 
assay,  antibody  to  this  capsularpolvsaccharide  has  been  demonstrated  in  anti¬ 
sera  prepared  in  rabbits  to  each  of  eight  strains  of  ?3.  f  rag il  is  f raa i  1  i s  . 
Antibody  of  similar  specificity  was  not  found  in  antisera  prepared  to  Bactoroi*- 
des  melaninooenicns  ,  to  strains  of  13.  f  ragilis  vulcatus  ,  _B.  f raailis  dis tasoni s 
and  to  only  one  of  two  strains  of  13 .  f ragi lis  thetaiotaomicron.  The  radioactive 
antigen  binding  assay  is  a  sensitive  test  for  the  detection  of  antibody  to 
capsular  polysaccharide.  This  polysaccharide  antigen  may  form  the  basis  of  a 
serogrouping  system  for  Bacteroides  fraoi lis. 

Bacterial  lipopolysacchrides  were  extracted  from  Bacteroides  f ragil is 
subspecies  f ragilis.  These  lipopolysacchariaes  were  found  to  lack  2-keto-3- 
desoxyoctonate  and  heptose,  sugars  which  make  up  part  of  the  inner  core  of  most 
bacterial  endotoxins.  Over  98%  of  the  lipid  portion  of  this  material  could 
easily  be  removed  with  chloroform-methanol  and  alcohol,  a  finding  which  indi¬ 
cates  a  loose  association  between  the  polysaccharide  and  lipid  moieties.  The 
lipopolysaccharides  caused  gelation  of  the  Limulus  lysate  at  a  concentration 
significantly  higher  than  that  for  the  endotoxin  of  Salmonella  tvphi .  None 
of  these  extracts  were  found  to  be  .  ethal  in  10-day  old  chick  embryos  at  doses 
of  200  ug  per  egg,  wherease  the  endotoxin  of  Neisseria  meningitidis  was  lethal 
at  1.2  ug  per  egg.  The  local  Scwaztzman  reaction  could  not  be  induced  at 
levels  of  up  to  1,000  ug  per  rabbit,  whereas  a  (control)  endotoxin  of  *  '  *- 

Salmonella  typhi  induced  this  phenomenon  at  3  ug  per  rabbit.  Intact  oxygen- 
killed  57  fragilis  failed  to  provoke  the  local  Scwartzman  reaction  at  doses 
of  2,500  ug.  These  results  indicate  that  B.  fragilis  has  a  lipopolysacchariae 
different  from  that  of  most  gram-negative  bacteria.  Although  it  retains  some 
of  the  chemical  and  biologic  properties  of  classical  endotoxin,  it  seems  to 
lack  others.  This  observation  may  have  significant  slinical  implications. 
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Resume  of  Accomplishments  in  the  Past  Year 
(since  the  last  Annual  Report) 


Bacteroides  f ragilis  -  Since  the  report  of  last  year  we  have  made  much 
progress  in  our  studies  of  two  important  determinants  of  this  organism, 
the  capsular  polysaccharide  and  the  endotoxin.  The  description  of  each 
of  these  investigations  follows  in  the  next  two  sections. 

I*  Capsule 


A.  Chemical  and  morphologic  identification 

Studies  in  our  laboratory  have  shown  that  B.  fragilis ,  an  anaerobic, 
non-notile,  gram-negative  rod,  has  a  cell  wall  structure  similar  to  that 
of  most  aerobic  gram-negative  bacteria  (1) .  In  our  investigations  of  the 
outer  cell  wall  membrane  complex  of  B.  fragilis ,  the  membrane  was  found  to 
contain  an  important  protein  component  which  was  shared  by  all  studied 
strains  of  subspecies  fragilis ?  similarly  sized  oroteins  were  not  found  in 
representati ve  strains  of  other  subspecies.  The  outer  cell  wall  membrane 
contained  two  major  antigenic  fractions  which  were  separable  by  means  of 
the  disaagregation  of  one  of  these  components  with  chroma tographv  in  an 
endotoxin  depolymerizing  buffer.  T  is  disaggregated  antigenic  fraction 
has  been  shown  to  be  a  lioopolysaccnar ide  and  to  be  immunochemically  and 
biologically  identical  to  the  endotoxin  of  13.  fragilis  fragilis ,  as  extracted 
by  the  classical  phenol-water  technique  (2).  The  other  antigenic  fraction, 
eluted  at  the  void  volume  of  the  column,  had  equal  quantities  of  protein  and 
carbohydrate .  Both  the  void  volume  fraction  and  the  endotoxin  fraction  had 
five  sugars  as  demonstrated  by  paper  chromatography .  Four  of  these  five 
sugars  were  shared  bv  both  major  antigenic  fractions.  Chemical  analysis  of 
carbohydrates  in  both  fractions  revealed  hexose,  hexosamine,  and  methyl  pen¬ 
tose  in  different  molar  ratios. 


Previous  immunologic  studies  had  shown  that  the  void  volume  material, 
when  tested  in  immunodiffusion  slides  against  antiserum  prepared  to  subsnecies 
f ragil is,  produced  two  immunoprecinitin  lines.  Trypsin  treatment  of  this 
void  volume  material  eliminated  one  of  these  immunoprecipitins . 


Further  characterization  of  the  void  volume  carbohydrate  by  electron 
microscopy  and  imnunochemistry  have  demonstrated  that  this  material  is  a 
capsular  polysaccharide . 


1.  Electron  microscopy  of  strain  23745.  Bacteroides  fragilis  ss. 
fragilis.  This  strain  was  grown  in  a  50  ml  volume  of  a  modified  thiogly- 
collate  broth.  Suspensions  of  whole  bacteria  were  prefixed  by  the  addition 
of  2.5%  gl uter aldehyde  in  0.1  .M  Na  cacodylate  buffer  to  the  broth?  the  final 
concentration  of  fixative  was  adjusted  to  0.5%,  CaCl^  was  added  until  a 
final  concentration  of  0.05%  was  achieved.  After  nre,ixation  for  2  h  at 
4  C,  the  suspensions  were  again  centrifuged  at  12,000  g.  The  resulting 


oellets  were  fixed  for  2  h  at  4  C  in  the  blit  re  rod  2.5"  olutora ldehyde , 

washed  brieflv  with  buffer,  and  fixed  arrain  for  60  min  in  aqueous  1%  OsO.. 

** 

The  pellets  were  then  exnosod  to  0.5^  uranyl  acetate  in  hichaelis 
buffer  (nH  5.0)  for  2  h  at  24  C.  One-nm  blocks  of  the  oellets  wore  then 
dehydrated  in  oracled  alcohols  and  embedded  in  Boon  312  according  to  Luft 
(3).  Thin  sections  were  stained  with  lead  citrate  and  examined  with  a  Jem 
100  3  electron  microscope  (Janan  Electron  Optics  Lahoratorv  r  Tokvo,  Janan) . 

Polysaccharide  cansules  are  not  seen  with  routine  staining  techniques. 

So  that  bacterial  caosules  can  be  visualized,  snecial  stains  such  as  ruthenium 
red  are  necessary.  Sammies  nrooared  for  staining  with  ruthenium  red  were 
treated  in  the  exact  manner  described  above,  exceot  that  ruthenium  red  was 
added  at  a  concentration  of  700  parts  oer  million  to  both  the  prefixation 
and  fixation  steps  (4) . 

The  cell  envelope  structure  and  mornholoov  of  B.  ^racilis  v;cre  investi¬ 
gated  hv  electron  microscopy.  In  figure  1,  untreated  cells  are  seen  after 
36  h  of  growth  in  modified  thioglvcollate  broth.  These  organisms  exhibited 
a  typical  multiple  layer  cell  envelope  consisting  of  two  trilaminar  membranes 
and  an  electron  dense  nept.idoglycan .  Cytoplasmic  membrane,  per tidoclycan, 
and  ■  outer  month-. ane  are  easily  identified.  The  location  of  these 

layers  was  similar  to  the  location  of  the  same  layers  in  aerobic  gram- nega¬ 
tive  bacteria.  | 


ISRi.  1  ifo  'vj> 


Ticiuro  1:  Electron  microcraph  of  Bactoroidos  f rac?i  1  i  s  fragi  lis  stained  by 
standard  techniques  (X  120,000).  OP-outer  membrane;  pG=pcptidoqlvcan;  CM= 
cytoplasmic  membrane. 


Organisms  stained  w' th  ruthenium  red  an.*  seen  in  fieuro  2.  A  thick 
capsule  external.  to  the  outer  membrane  o.m  he  readily  observed.  Because 
of  its  stainine  v;ith  ruthoni am  rod,  this  capsule  can  be  identifier:  as  a 
polysaccharide .  This  darkly  staininu  eansuh*  is  1.5  to  2  times  thicker 
than  the  cell  wall  itself.  AIL  organisms  orown  under  these  culture  condi¬ 
tions  consistent]'/  exhibit  this  feature. 


riouro  2.  Klod  ron  microqruoh  of  Bac  tore  ides  franjl  is  fracilis  stained  b'7 
means  of  ruthenium  rod  so  that  polysaccharide  caosulo  (can)  is  visualized 
(M  120,rh)d).  0!h outer  membrane;  PG-uontidoelycan;  CM=cy tool asm ic  membrane. 


2.  Immunochemical  characterization 

a.  Initial  fractionation  of  outer  membrane 


fr:i"j  Ij  ;) 
nsMi,!  sns 
o’’  broth. 


Outer  membranes  wore  Prepared  from  strain  23745  (3.  fracili: 
<  frown  in  conditions  identical  to  those  nroviouslv  described  (2). 
were  int  rins  i  ca  1 .1*/  labeled  with  2.5  mCi  (H^)  ^luconc  nor  1,230  ml 
The  outer  membrane  purification  procedure  is  detailed  elsewhere  (1) 


The  outer  membrane  was  separated  into  two  antigenic  fractions  with  a  technique 
previously  described  (1)  by  means  of  chromatography  on  a  Sephadex  G-100 
column  (Pharmacia,  Uppsala,  Sweden)  equilibrated  in  an  endotoxin  disaggregating 
buffer.  The  void  volume  material  (peak  X)  was  found  to  contain  equal  quanti¬ 
ties  of  protein  and  carbohydrate. 

b.  Radioactive  antigen  binding  assay  (RABA) 

The  procedure  was  similar  to  that  dexcribed  by  Farr  (5) 
as  modified  by  Brandt  (G) .  All  sera  tested  were  heat  inactivated  at  56  C 
for  30  min.  Seventy  mi^roliters  of  undiluted  serum,  125  yl  of  0.1  M  33S , 
pH  3.45,  and  5  yl  of  (H  )  labeled  polysaccharide  antiaen  were  mixed  in  a 
glass  test  tube.  The  reaction  mixture  w as  incubated  overnight,  16-13  h, 
at  4  C.  After  incubation,  an  equal  volume  (200  yl)  of  saturated 
ammonium  sulfate  (SAS)  was  added  to  precipitate  the  globulins,  and  the 
suspension  was  thoroughly  mixed.  The  mixture  was  incubated  for  an  addi¬ 
tional  30  min,  centrifuged  for  30  min  at  2,100  rnm  at  24  C  in  a  Universal 
Model  UV  International  Centrifuge  (International  Eauioment,  Boston,  Mass.) 

The  precipitate  was  washed  once  with  1  ml  50%  SAS.  After  washing,  the  sus- 
oenoion  was  again  centrifuged  and  the  precipitate  was  air  dried  for  1  h 
and  dissolved  in  1  ml  Protosol  (New  England  Muclear) .  The  solubilized 
pellet  was  then  washed  into  a  scintillation  vial  with  10  ml  Liquefluo? 

(New  England  Muclear)  in  toluene  4.2%  V:V.  The  samples  were  counted  the 
next  day  in  a  Beckman  LS-230  liquid  scintillation  counter  (Beckman  Instru¬ 
ments,  Silver  Spring,  Md) . 

A  control  for  each  experiment  with  radioactive  antigen  consisted  of 
70  ul  normal  rabbit  serum  and  130  yl  BBS.  After  overnight  incubation  at  4  C, 
the  control  was  fractionated  with  SAS  as  described  above.  After  solubilizing 
the  oellet  in  1  ml  Protosol,  radiolabeled  polysaccharide  antigen  added  and 
the  mixture  was  washed  into  a  counting  vial  with  10  ml  scintillation  fluid. 

The  percentage  of  antigen  bound  for  each  test  serum  was  computed  from 
the  equation: 

„  .  ,  ,  test  serum  (com)*  -  background  (com)  y  . _ . 

antigen  control  (con)  -  background  (com) 


* 

cpm  =  counts  ner  min. 


3.  Initial  experiments  with  the  protein-polvsaccharide  complex 

as  antigen 


The  molecular  size  of  the  protein-polvsaccharide  comolex 
(Peak  I)  was  estimated  to  be"^7.5  X  10^  daltons  because  the  fraction  eluted 
in  the  void  volume  of  the  Senharose  4B  column  (fin.  3). 
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Figure  3.  Rlution  profile  of  H  labeled  polysaccharide  ( - )  and  protein- 

oolvsaccharide  ( - )  on  Sepharose  43.  Void=elution  volume  of  blue  dex- 

tran;  CP'l^counts  per  min.  of  100-sanple. 

In  prior  experiments  (1)  the  complex  was  tested  against  antiserum  to  viable 
B. .  f ragil is  f ragilis  (prepared  in  rabbits) ?  immunodiffusion  slides  produced 
two  imnunonrecipitins ,  indicatinq  the  immunological  reactivity  of  the  complex. 
Proof  of  this  reactivity  led  to  our  develooment  of  the  RABA  for  the  detection 
of  antibody  to  the  antiqen  comolex.  This  antigen  was  soluble  in  50^  SAS, 
a  concentration  at  which  serum  globulins  precipitate.  The  orotein-polvsac- 
charide  complex,  at  increasing  concentrations  (indicated  at  yg  orotein, 
fig.  4)  was  tested  in  the  RABA  with  hyper immune  rabbit  antiserum  prepared 
to  strain  23745,  B.  f ragilis  fragilis . 
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Figure  4.  Percentage  of  antigen  (protein-oolvsaccharide)  bound  by  rabbit 
antisera  at  various  concentrations  of  antigen  protein,  (d -a-bi-o )  =inmune 
rabbit  antiserum  prepared  to  strain  23745  B.  fraoilis  fragilis;  (0-0-0)= 
normal  rabbit  serum;  (#-$-©) =nornal  rabbit  serum  absorbed  with  strain  23745 
3.  fragilis  fragilis . 


This  antiserum  bound  nearly  all  of  the  antigen  added,  even  at  high  concentra¬ 
tions  or  antigen  protein.  However,  at  all  antigen  dilutions,  there  v/as  a 
high  percentage  of  anticen  bound  by  the  normal  rabbit  serum  as  well.  If  the 
mechanism  involved  were  specific  anticen-antibody  interaction,  incubation 
of  antigen  with  normal  serum  would  have  shov/n  a  decrease  in  percent  antigen 
cound  over  the  midrange  in  this  figure  (30%  -  30%) .  However,  the  percent 
binding  at  various  antigen  concentrations  was  relatively  constant,  indicating 
nonspecific  binding.  After  extensive  absorption  of  the  normal  rabbit  serum 
with  live  homologous  oraanisms,  there  was  no  apparent  change  in  percentage 


binding.  We  assumed,  therefore,  that  the  interaction  between  the  antiqen 
and  the  qlobulins  in  the  serum  was  non-spocif ic. 

4.  Purification  of  the  polvsaccharide  cansule 

Assuminq  that  the  non-snecif ic  binding  v/as  more  likely  the 
result  o^  antiqen  protein-serum  orotein  interaction  than  antiqen  polysaccha¬ 
ride-serum  protein  interaction,  we  removed  the  protein  from  the  peak  I  anti¬ 
qen  by  means  of  tryps initiation. 

Peak  I  was  dissolved  in  Tris-KCl  buffer,  nil  7.6,  and  when  aonrooriate, 

1  mg  trypsin  (Worthington  Chemicals,  Freehold,  N.J.)  oer  ml  of  antigen  was 
added.  The  solution  was  incubated  overnioht  at  37  C.  The  next  day,  an 
eaual  amount  of  tryosin  was  added  and  the  solution  v/as  incubated  for  an 
additional  3-4  h.  The  polysaccharide  capsular  anticen  was  then  purified  on 
a  2.6-  x  30-cm  Seoharose  4B  (Pharmacia)  column  eauilibrated  in  Tris-IiCl 
buffer,  pH  7.6.  Four-nl  fractions  were  collected  and  100\  of  each  fraction 
was  counted  for  radioactivity  with  use  of  a  scintillation  fluid  containing 
4  g/1  Omnifluor  (New  England  Nuclear,  Boston,  Mass.)  in  a  solution  composed 
of  toluene  and  ethylene  crlyc  _>1  monomethyl  ether  (60:40,  V:V)  .  The  column 
effluent  v/as  monitored  at  230  nm  by  means  of  a  17-7  monitor  (Pharmacia)  in 
tangent  with  the  column.  Degraded  protein  and  tryosin  showed  absorption  in 
fractions  93-111  (372-444  ml  effluent). 

Fractions  25-52  (100-203  ml  effluent)  were  combined,  concentration  to 
10  ml  on  a  PM- 30  ultrafiltration  membrane  (Am icon  Corn.,  Lexington,  Mass.) 
and  nrecioitated  with  four  volumes  of  cold  absolute  alcohol.  The  pellet 
was  dissolved  in  water,  lyophilized  and  the  dry  weight  was  determined.  Fifty 
percent  of  the  dry  weight  was  accountable  as  hexose,  as  determined  by  the 
method  of  Roe  (7)  and  less  than  1%  protein  (3)  .  The  lyophilized  pellet  v/as 
dissolved  in  borate  buffered  saline  (BBS)  oH  3.4  and  the  specific  activity 
was  214  com/iig. 

Demonstrated  in  figure  3  is  the  elution  profile  of  the  peak  I  antigen 
before  trypsin  treatment  and  the  pure  polysaccharide  after  treatment.  The 
nolvsaccharide  portion  has  a  molecular  size  of  ^300,000  daltons.  Chemically, 
this  antigen  v:as  composed  of  approximately  509o  hexose,  25°o  hexosamine,  and 
5c6  methyl  oentose.  By  means  of  paoer  chroma toaranhv,  we  have  identified 
sialic  acid  as  the  remaining  constituent. 

5.  RA3A  with  polysaccharide 

The  RABA  v/as  repeated  (fig.  5)  with  the  same  antisera  used  in 
the  initial  experiment.  With  use  of  the  polysaccharide  antigen  at  various 
concentrations  (indicated  bv  pq  hexose) ,  marked  differences  were  found  between 
binding  of  antigen  bv  unabsorbed  normal  rabbit  serum  and  binding  by  the  immune 
rabbit  serum. 


fji  g  HEXOSE 


Figure  5.  Percentaae  antiaen  (polysaccharide)  bound  at  various  concentrations 
of  antiaen  hexose  by  immune  rabbit  antiserum  (0-0-0)  prepared  to  strain 
2  374  5,  3.  fraailis  f raail is ,  and  by  normal  rabbit  serum  (Q-n-n)  . 


Selection  of  antigen  concentration. 

For  a  determination  of  the  relation  between  antigen  concentration  and 
antibody  binding,  the  polysaccharide  antigen  was  titrated  against  the  sera 
of  several  individuals  with  varyina  quantities  of  natural  antibody  to  this 
antigen.  The  sera  of  20  laboratory  volunteers  were  screened  at  an  antigen 
concentration  of  1.75  hexose  in  the  PV3A  to  identify  individuals  with  variou 
nntibodv'  levels.  rron  this  qrouo,  ^our  individuals  with  midrange  binding 


were  identified.  The  sera  of  these  four  individuals  were  titrated  aqaxnst 
antiqen  in  concentrations  decreasinq  to  a  level  of  0.35  ug  hexose.  Predic¬ 
table  increases  in  bindinq  are  seen  (^iqure  f>)  as  antigen  concentration  is 
decreased.  Also  indicated  hero  is  the  immune  rabbit  serum  with  its  very 
hioh  decree  of  bindinq.  Tor  further  testing,  a  hexose  concentration  of 
0.7  yq  was  thoucht  to  represent  a  reasonable  midranoe  anticen  concentration 
because  of  the  linear  relation  between  antioen  bindinq  and  antiqen  concentra¬ 
tion  between  30%  and  70%  bindinq. 


HEXOSE 


Figure  6.  Percentage  antiqen  (oolvsaccharide)  bound  at  various  concentra¬ 
tions  of  antiqen  hexose  by  various  sera:  (a-a-<3-CJ)=immune  rabbit  antiserum 
prepared  to  strain  23745,  B_.  fragilis  fragilis?  (6-A'A)=serun  A-34  from 
human  volunteer;  O'O-OJ^serum  A-13  from  human  volunteer;  (0-0-0) =serum  A-20 
from  human  volunteer;  (®-«-0)=serun  A- 39  from  human  volunteer. 
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6.  Occurrence  of  antibodv  to  the  capsular  nolysaccharide  in  anti¬ 
sera  to  other  strains  of  Bacteroides . 

Antisera  were  prepared  to  viable  oroanisns  of'  various  subspecies 
of  B.  fragilis  and  to  one  strain  of  B.  melaninogenicus .  Preimmuniz ation  and 
postimmunization  sera  were  tested  aaainst  the  (H-*)  -labeled  ool^saccharide 
antinen  isolated  from  strain  23745  in  the  RABA.  As  can  be  seen  in  table  1, 
these  immunizing  organisms  were  obtained  from  various  sources  at  vide  geo- 
qranhic  locales.  The  pre immunization  sera  all  had  very  low  levels  of  binding 
in  this  assay  svst^n.  In  all  eioht  strains  of  subspecies  ^raoili s ,  sinnifi- 
cant  increases  in  the  oercentaqe  oc  binding  were  seen  with  immune  sera  over 
preinnune  sera.  The  oercent  of  anticen  bound  varied  between  immunizina 
strains  indicatina  significant  degrees  of  antigenic  similarity,  perhaps  either 
in  composition  or  quantity  of  antigen  present  on  the  immunizina  oraanism. 
Neither  of  the  antisera  to  subspecies  vulaatu s  showed  a  change  in  binding 
with  the  immune  sera.  However,  the  antiserum  to  one  of  two  strains  of  sub¬ 
species  theta iotaonicim  showed  a  sicnificant  change  in  binding.  Antisera 
to  s inale  strains  of  3.  frag il is  dis tasonis  and  to  B_.  nelaninooenicus  showed 
no  rise  in  titer. 

All  antisera  were  tested  in  duplicate  for  a  standard  deviation  of  1.7% 
binding. 


Table  1 

Radioactive  Antigen  Bindinq  Assay  Analysis  of  Babbit  Antisera  to 
B.  f ragilis  using  Strain  23745  Peak  1  Polysaccharide  as  Antigen 


Strain  no. 

Subspecies 

Source 

Prebleed 

Hyper  immui 

23745 

fraailis 

vrcc 

10.3% 

91.3% 

2429 

f  r  a  g  i  1  i  s  Vlads  wo  r  th-  VA  H  os  p . 

14.7% 

89.5% 

1262 

fraailis 

Tennle  IT. 

16.0% 

29.7% 

536 

B.  melaninogenicus 

Wad s wo r th-VA 

15.1% 

13.3% 

2242 

vulgatus 

Wadswor  th-VA 

10.2% 

12.3% 

2244 

fraailis 

Wadsworth- VA 

6.0% 

29 . 9% 

2442 

fragilis 

Wads wor th-VA 

11.1% 

67,4% 

8503 

distasonis 

ATCC 

12.  2% 

15.4% 

3432 

vulgatus 

ATCC 

16.2% 

16.6% 

12290 

thet aio  taomicron 

ATCC 

16.1% 

42.0% 

26877 

fragilis 

Boston  City  Hosp. 

12.5% 

63.4% 

26733 

fragilis 

Boston  City  Hosp. 

12.5% 

29.3% 

33310 

fragilis 

Boston  City  Hosp. 

13.1% 

65.0% 

This  data  would  indicate  that  strains  of  Bacteroides  f ragilis  f ragilis  have 
a  nolysaccharide  antigen  which  is  shared  by  all  strains  tested  of  that 
subspecies.  The  association  of  this  antigen  with  the  outer  membrane  (1), 
its  large  molecular  size,  and  the  demons tration  by  electron  microscopy  of 
encapsulation  would  all  indicate  that  the  antigen  described  is  a  capsular 
polysaccharide . 
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With  the  RABA,  we  have  found  antibody  to  this  capsular  antigen  in  anti¬ 
sera  pronared  in  rabbits  to  viable  organisms  o^  other  strains  of  B_.  f ragilis 
f ragi lis .  Similar  antibodv  was  not  found  in  antisera  prepared  to  B.  me lan ino- 
genicus ,  to  strains  of  B_.  fragi lis  subspecies  vulgatu  s ,  dist.asonis ,  and  to  only 
one  of  two  strains  of  subspecies  of  theta jot nomicron .  Within  subspecies 
fragi lis ,  antisera  to  several  strains  showed  variance  in  the  amount  of  binding 
of  the  capsular  Polysaccharide  of  strain  23745  with  immune  sera.  Although 
this  variance  may  be  due  to  antigenic  heterogeneity,  it  may  also  be  due  to 
quantitative  amounts  of  antigen  present  on  the  bacterial  surface.  Danielsson, 
et  al .  (0)  have  demonstrated  some  antigenic  variance  between  strains  of  B. 

fragilis  f ragilis ,  suggesting  the  possibility  of  more  than  one  serotype 
within  this  subspecies.  Whereas  our  data  do  not  completely  refute  the  possi¬ 
bility  of  more  than  one  serogroup  within  the  subspecies  fragilis,  our  methodology 
is  more  specific  than  that  of  the  other  report,  in  that  the  antigen  we  used 
was  completely  defined.  The  greater  sensitivity  of  BABA  for  detecting  anti¬ 
bodv  is  evidenced  in  our  prior  inability  to  detect  antibody  to  subspecies 
the taiotaomi cron  strain  12290  when  the  Ouchterlony  immunodiffusion  analysis 
was  used  on  the  antisera. 

With  many  bacteria,  serogrouninq  is  based  on  capsular  Polysaccharide 
antigens.  Serogrouping  has  led  to  much  valuable  epidemiologic  information 
regarding  bacterial  diseases.  It  would  certainly  seem  that  this  cansular 
polysaccharide  forms  the  basis  of  a  serogrouoing  system  within  Ek  fragilis . 
However,  these  serogroups  would  incompletely  conform  to  classification  by 
subspecies,  as  was  demonstrated  by  the  induction  of  antibody  to  the 
thetaiotaomicron  strain  (12290) .  It  is  remarkable  that  not  only  is  there 
great  similarity  among  the  polysaccharide  caosules  in  strains  of  3.  fragilis 
fragilis ,  but  also  there  exists  notably  similar  protein  antigens  associated 
with  outer  membranes  of  different  strains  (1) .  Similarity  of  outer  membrane 
proteins  within  a  biochemical  group  is  in  itself  rather  unusual.  This  obser¬ 
vation  and  the  finding  of  similar  polysaccharides  within  this  group  are 
together,  extraordinary. 

Rowley  (10)  has  suggested  that  perhaps  the  thickness  of  the  caosule  of 
a  bacterium  is  a  major  factor  in  its  virulence.  Studies  of  Streptococcus 
pneumoniae  have  indicated  that  virulence  varies  with  the  quantitative  amount 
of  polysaccharide  synthesized  by  different  strains  of  the  same  type;  these 
data  show  that  one  of  the  factors  concerned  with  the  mouse  virulence  of  these 
strains  is  probably  the  genetic  apparatus  that  controls  the  amount  of  poly¬ 
saccharide  produced  (11).  It  is  apparent  from  these  studies  that  13.  fragilis 
has  a  rather  thick  capsular  polysaccharide  associated  with  its  outer  membrane. 
With  certain  organisms,  particularly  S_.  Pneumoniae ,  it  has  been  found  that 
although  the  specific  cansular  polysaccharide  is  nontoxic  in  the  isolated 
state,  it  contributes  to  the  virulence  of  the  pneumococcus  by  acting  as  an 
anti-phagocytic  agent.  In  a  paper  bv  Casciato,  e_t  a^l.  (12)  ,  strains  of 
B.  -ragilis  f ragilis  were  shown  to  be  relatively  resistant  to  serum  bacteri¬ 
cidal  activity.  Muschel  (13)  has  indicated  that  the  presence  of  a  capsular 
polysaccharide  nay  account  for  the  resistance  of  an  organism  to  the  bacteri¬ 
cidal  activity  of  the  complement- antibody  system.  The  existence  of  a  caosule 
in  this  bacterium  may  be  a  factor  in  its  apparent  virulence. 

B.  Further  electron  micrograohic  studies  to  determine  the  extent  of 

encapsulation  of  strains  of  Bacteroides  fragilis 

Fifteen  strains  of  B.  fragilis  have  been  studied  by  electron  micro- 


scopy  tor  capsules  by  staining  with  ruthenium  red  as  described  in  Section  A. 
These  strains  represent  the  various  subspecies  of  B.  fragilis  and  were  iso¬ 
lated  from  various  clinical  sites. 

Table  2 


Strain 

Subspecies 

Isolated  from 

Cansule 

23745 

fragilis 

pleural  fluid 

++ 

2429 

f raqil is 

blood 

++ 

26733 

fragilis 

wound 

4. 

8503 

distasonis 

feces 

- 

39675 

distasonis 

peritoneal  pus 

- 

49256 

distasonis 

blood 

- 

530 

distasonis 

+/- 

12290 

thetaiotaomicron 

wound 

- 

73996 

thetaiotaomicron 

wound 

- 

40575 

thetaiotaomicron 

blood 

- 

8482 

vulgatus 

feces 

+  (20%) 

29960 

vulgatus 

placenta 

- 

2242 

vulgatus 

osteomyelitis 
leg  drainage 

Encapsulation  has  been  found  in  a'l  strains  of  subspecies  fragilis 
studied.  The  EM  data  would  indicate  tnat  few  strains  of  other  subspecies 
are  encapsulated,  even  when  isolated  from  blood  cultures . 

Using  an  indirect  fluorescent  antibody  (IFA)  test,  which  employs  broth 
grown  organisms,  antisera  nrenared  in  rabbits  to  the  caosular  polysaccharide 
of  B.  fragilis  fraai lis  and  fluorescein  conjugated  goat  anti-rabbit  globulin, 
we  have  found  that  all  of  the  strains  of  B.  fragilis  fragilis  studied  so  far 
have  specific  fluorescence  with  the  anti-capsular  serum,  whereas  none  of 
the  strains  of  the  other  subspecies  fluoresce.  This  has  only  been  done  on 
a  limited  number  of  strains  (18  to  date)  but  offers  oromise  for  a  practical 
means  of  identifying  33.  fragilis  fragilis  in  a  clinical  laboratory. 

C.  Virulence  of  encapsulated  strains 

In  order  to  begin  to  ascribe  this  capsule  a  role  as  a  virulence  fac¬ 
tor,  we  felt  it  important  to  know  the  frequency  of  isolations  of  the  various 
subspecies  from  clinical  specimens.  Over  a  one  and  one  half  year  period, 
we  have  been  collecting  all  isolates  of  B.  fragilis  at  Boston  City  Hospital, 
as  well  as  serum,  when  available,  of  patients  from  whom  this  oraanism  has 
been  isolated.  There  are  no  similar  published  series  on  the  frequency  of 
isolation  of  the  various  subspecies  of  this  organism  (Table  3) .  As  can  be 
seen,  subsoecies  fragilis  was  the  most  common  isolate  from  blood,  wound,  or 
peritoneal  infections.  This  must  be  considered  in  licht  of  the  fact  that 
subspecies  distasonis  and  vulnatus  are  the  most  common  isolates  from  normal 
flora.  We  feel  that  this  is  highly  suggestive  of  greater  pathogenicity  of 
this  subspecies. 


To  further  test  this  hypothesis,  we  have  been  collaborat ing  with 
Drs .  John  Bartlett  and  Andrew  Onderdonk  in  an  experimental  animal  model 
of  intraabdominal  sepsis  and  peritonitis. 

Table  3 


Frequency  of  Isolation  of  Subspecies  of  Bacto roides  fraai lis 
from  Various  Clinical  Sites* 


Source 

f raci 1 is 

vulgatus 

Subspecies 

distasonis 

TIO 

Overal 1 

wound 

23 

(70") 

1 

(3-s) 

3 

(9%) 

6 

(13-) 

53/70 

(47%) 

neri toneal 

6 

( 33  b) 

2 

(13%) 

5 

cm.) 

3 

(10%) 

16/70 

(2  3%) 

blood 

10 

( 7 1  o ) 

1 

(7%) 

9 

(1 4%) 

1 

(7%) 

14/70 

(20%) 

placenta 

3 

(43"Q 

4 

(51%) 

0 

7/70 

(10%) 

*  Patients  collected  from  Boston  City  Hospital  from  September 
1974  to  November  1975. 


D.  The  Model 

Animals .  Male  Wistar  rats  (Simonsen  Laboratories,  Palo  Alta,  Ca.)  weighing 
160-130  grams  are  used  in  this  study. 

Inoculum.  It  is  necessary  to  preoared  the  surgical  implants  to  provide  a 
uniform  inoculum  of  microorganisms  so  that  all  animals  receive  an  identical 
challenge.  Such  an  inoculum  is  made  by  pooling  the  large  bowels  of  15  meat- 
fed  rats  in  the  following  manner:  The  abdomen  of  each  rat  is  aseptically 
opened.  The  cecum  and  distal  large  intestine  are  then  clamped,  excised,  and 
immediately  entered  into  an  anaerobic  glovebox  (14).  Intestinal  contents 
are  carefully  extruded  into  a  sterile  beaker  and  the  tissue  in  mascerated. 

An  equal  volume  of  pre-reduced  peptone-yeast-glucose  broth  (PYG)  is  added 
to  this  material  and  vigorously  mixed.  The  resultant  slurry  is  filtered 
through  two  Jayers  of  surgical  gauze  into  a  second  sterile  beaker  in  order 
to  remove  large  particulate  matter  and  tissue.  Ten  percent  weight/volumo 
sterile  barium  sulfate  is  added  and  the  inoculum  is  then  divided  into  small 
aliquots  (approximately  5  ml)  which  are  placed  in  glass  vials  fitted  with 
rubber  stoppers  and  screw  caps.  The  closed  vials  are  removed  from  the  chamber, 
immediately  immersed  in  liquid  nitrogen  for  four  minutes  and  stored  at  -40  C 
until  used. 


Quantitative  bactc riolocrv  has  been  performed  on  the  quick  frozen 
inoculum  (15)  bv  preparing  serial  100-fold  dilutions  in  the  anaerobic  chamber 
for  nlatinn  on  appropriate  aerobic  and  anaerobic  media.  After  incubation, 
colony  tvoes  were  enumerated,  isolated  and  identified.  This  analvsis  revealed 
a  total  of  22  bacterial  species  including  13  anaerobes  and  nine  aerobes  (Table  4) .  ; 
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In  hiqhest  concentration  were  two  species  of  Eubacterium  which  were  pre-  * 

sent  at  levels  of  10^- ^/ml.  These  oraanisms  outnumbered  the  most  frequent  j 
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aerobe  in  the  inoculum  bv  more  than  two  logs.  The  next  most  frenuent  orqanisms 
were  an  anaerobic  oleomornhic  Gram-neqative  bacillus  and  an  anaerobic 
nonsporulatinq  Gram-positive  bacillus.  These  orqanisms  did  not  fit  conven¬ 
tional  classification  schemes  and  could  not  be  sneciated.  Several  Clostridia 
species,  Bacteroides  fragilis ,  peptococci  and  Fusobacterium  varium  were 
present  in  concentrations  of  lO^-lO6* 1/ml .  Enterococcus  and  E.  coli  were 
the  predominant  aerobic  isolates,  occurring  in  concentrations  of  10^* ^  and 
l0$*2/mi  respectively.  Several  other  facultative  isolates  were  also  present 
including  Lactobacillus ,  Micrococcus ,  Corvnebacterium ,  Proteus ,  a-hemolytic 
streptococcus  and  Horaxella . 

Thus,  the  inoculum  contains  a  polymicrobial  flora  in  which  anaerobes 
outnumber  aerobes  by  a  factor  of  100:1.  Intestinal  studies  in  man  have 
shown  similar  bacterial  populations  in  terms  of  the  ratio  of  aerobes  to 
anaerobes  and  the  major  bacterial  species  (16) . 

Table  4 


Bacteriology  of  the  Inoculum 


Anaerobes 

Log 

cfu/ml 

Aerobes 

Log 

c  fu/ml 

Eubacterium  tenue 

7.5 

Enterococcus 

5.4 

Eubacterium  acrofaciens 

7.5 

Escherichia  coli 

5.2 

Pleomorphic  Gram-negative 

Lactobacillus  sp. 

5.0 

rod 

7.0 

Micrococcus  sp. 

4.5 

Non-sooreforming  Gram- 

Corvnebacterium  sp. 

4.4 

positive  rod 

6.3 

a-hemolytic  streptococcus 

4.0 

Clostridium  perfringens 

6.1 

Proteus  mirabilis 

4.0 

Clostridium  paraputrificum 

6.0 

Proteus  morganii 

3.9 

Clostridium  species 

6.0 

Moraxella  sp. 

3.1 

Bacteroides  fragilis 

5.3 

Peptococcus  morbillorum 

5.7 

Peptococcus  micros 

5.8 

Fusobacterium  varium 

5.2 

Clostridium  sartagoformum 

5.2 

Clostridium  tyrobutyricum 

5.0 

1 

Bacteriological  studies  were  also  performed  on  an  inoculum  prepared  from 
grain-fed  rats.  In  this  inoculum,  however,  aerobes  actually  outnumbered 
anaerobes  and  the  major  isolates  were  quite  different  from  those  in  the 
human  intestine  (15).  Consequently,  the  experimental  studies  are  performed 
with  the  inoculum  prepared  from  meat-fed  rats.  The  pooled  intestinal  contents 
from  15  such  animals  provide  sufficient  implants  for  approximately  1,200  rats* 

Implantation  of  inocula.  The  frozen  inoculum  obtained  from  meat- fed  rats 
is  thawed  in  the  anaerobic  chamber.  One  half  ml  is  placed  in  a  sterile 
gelatin  capsule,  removed  from  the  chamber  and  immediately  implanted  into 
rats  anesthetized  by  intraoeritoneal  injection  of  0.15  ml  of  Sodium  Membutal 


(50  mg/ml) .  The  abdomen  of  each  animal  is  shaved,  cleaned  twice  with  1% 
iodine,  and  a  1.5  cm  anterior  midline  incision  made  through  the  abdomen 
wall  and  peritoneum.  The  capsule  is  then  inserted  into  the  pelvic  region 
of  each  rat.  The  incision  is  closed  with  three  or  four  interrupted  3-0 
silk  sutures  and  the  animals  returned  to  separate  cages. 

Anatomical  studies.  Deaths  which  occur  within  four  hours  are  ascribed  to 
anesthesia  or  to  surgery  and  these  animals  are  eliminated  from  the  study. 

(Our  previous  observations  indicate  that  this  acute  postoperative  mortality 
occurs  in  approximately  5%  of  animals) .  All  animals  are  observed  at  eight 
hour  intervals  throughout  the  test  period.  Rats  which  survive  10  days  are 
sacrificed  at  that  time.  Complete  autopsies  are  performed  on  all  animals. 

This  includes  a  careful  search  of  the  abdominal  cavity  for  evidence  of 
peritonitis  or  abscesses.  The  criterion  for  peritonitis  is  a  free-flowing 
peritoneal  exudate;  for  intraabdominal  abscess  it  is  a  localized  purulent 
collection . 

Bacteriological  studies.  Quantitative  bacteriology  is  performed  on  specimens 
obtained  from  the  infected  site  of  randomly  selected  rats  immediately  following 
sacrifice.  Specimens  are  obtained  with  a  tuberculin  syringe  and  passed 
immediately  into  the  anaerobic  chamber  for  processing.  A  0.1  ml  sample  of 
purulent  material  is  placed  in  9.9  ml  of  pre-reduced  VPI  dilution  salts  for 
serial  100- fold  dilutions.  Aliquots  of  0.1  ml  of  each  dilution  are  then 
spread  on  both  pre-reduced  and  aerobic  plating  media  to  five  final  dilutions 
of  .  0“^,  10”5,  10-7  and  10“9/ml .  Anaerobic  media  include:  pre-reduced 
brucella  agar  base  containing  6%  sheep’s  blood  and  10  yg/ml  menadione  ( BMB ) ; 

BMB  containing  100  pg/ml  neomycin  sulfate;  and  laked  blood  agar  containing 
7  5  ug./ml  kanamycin  and  7.5  pg/ml  vancomycin.  These  three  media  are  incubated 
at  37  C  inside  the  anaerobic  chamber  and  held  for  3-5  days.  The  following 
media  are  employed  for  aerobic  and  facultative  isolates:  blood  agar  plates 
incubated  with  increased  CO^;  MacConkey’s  agar  and  Pfizer  Selective  Entero¬ 
coccus  Agar.  These  plates  are  incubated  at  37  C  for  24-28  hours.  After 
incubation,  colony  types  are  enumerated,  isolated  and  identified.  Anaerobic 
isolates  are  identified  according  to  the  procedures  outlined  by  the  VPI 
Anaerobe  Laboratory  Manual  (17) .  Enterobacteriaceae  and  other  aerobic  iso¬ 
lates  are  identified  by  established  procedures  (18) . 

E.  Previous  Observations  with  This  Model 

1.  Natural  course  of  infection  in  untreated  animals  (15,19) 

Initial  studies  concerned  the  sequential  bacter iologic  and 
pathologic  changes  which  occurred  after  implantation  of  a  fecal  inoculum. 
Variables  tested  were  1)  the  inoculum  prepared  from  meat  versus  grain- fed 
rat^;  2)  addition  of  blood  to  the  inoculum;  3)  female  versus  male  recipients 
and  4)  different  weights  of  the  animals.  Only  results  with  the  techniques 
described  above  under  "The  Model"  will  be  summarized  since  these  satisfied 
our  original  goals: 

a.  Standardized  inoculum  so  that  all  animals  receive  an 
identical  challenge 

b.  Infection  which  simulates  naturally  occurring  disease 


-16- 


in  humans  by  both  clinical  and  microbiological  parameters 
c.  Reproducible  results  according  to  well  defined  objective 
criteria 

Anatomical  changes  have  been  studied  in  106  male  160-180  gm  Wistar 

rats  which  received  the  inoculum  from  meat-fed  rats.  Three  control  groups 

consisted  of  animals  implanted  with  an  autoclaved  (sterile)  inoculum, 

BaSCr  alone  and  BaSO.  plus  sterile  inoculum.  The  animals  were  observed 
4  4  * 

daily  and  all  rats  which  succumbed  were  autopsied  for  gross  anatomical 
studies.  In  order  to  define  the  natural  history  of  this  infection,  sur¬ 
viving  rats  were  randomly  sacrificed  for  autopsy  examination  at  intervals 
of  4-14  days  (Figure  7)  . 

Among  the  106  animals  which  received  the  inoculum,  seven  died  between 
eight  and  16  hours,  and  21  (19.8%)  were  dead  before  24  hours.  Autopsy 
of  these  animals  revealed  that  the  gelatin  capsules  began  to  dissolve 
shortly  after  insertion,  but  even  at  eight  hours,  the  inoculum  was  usually 
still  localized  in  the  pelvis.  Within  24  hours  a  suppurative  infection 
and  ileus  developed,  and  0.2-0.5cc  of  peritonitis  fluid  had  accumulated. 

The  fur  appeared  ruffled,  and  the  animals  were  lethargic  and  cold.  At  48 
hours,  peritoneal  adhesions  began  to  appear  anteriorly  and  loosely  attached 
collections  of  purulent  material  were  noted.  By  three  days,  41  (39%)  of  the 
animals  had  died,  and,  at  4  days,  43%  (46/106)  of  the  animals  had  expired. 
There  were  no  further  natural  deaths  after  this  time. 


Figure  1 :  Biphasic  disease  course  according  to 
autopsy  observations  in  106  untreated  Wistar  rats 
sacrificed  at  various  intervals  after  implantation. 
Mortality  is  expressed  as  cumulative  percent  (55) . 


By  seven  days  a  well- formed  abscess  was  usually  palpated  inferiorly 
along  the  anterior  abdominal  wall.  The  surgical  incision  was  well  healed 
and  peritoneal  fluid  was  seldom  present.  All  animals  sacrificed  at  seven 
days  or  later  had  multiple  localized  purulent  collections  distributed 
throughout  the  abdominal  cavity.  Abscess  cavities  continued  to  enlarge  and 
by  two  weeks  contained  0.2-0. 5  cc  of  pus  (Figure  8). 


Figure  3a:  Typical  intra- 
abdominal  abscess  in  a  rat 
sacr i f icod  10  d?.ys  after 
implantation  of  the  inoculum 
from  meat- fed  rats. 


Figure  2h :  Multiple 
large  intraabdominal 
abscoscer  in  rat 
sacrificed  one  month 
after  implantation. 


! 


Control  animals  which  received  the  sterile  inoculum  in  gelatin  capsules 
showed  no  signs  of  toxicity.  At  14  days  the  animals  were  sacrificed  and 
no  pathologic  changes  could  be  found.  The  barium  sulfate  alone  or  the  com¬ 
bination  of  BaSO^  and  sterile  inoculum  produced  a  similar  clinical  picture. 

At  autoosy  the  only  findings  in  these  animals  were  multiple  sterile  granulomas 

Bacteriological  studies  of  infected  sites  were  performed  on  20  animals. 
Samples  were  obtained  at  various  intervals  for  up  to  two  weeks  following 
implantation.  These  specimens  consistently  yielded  a  complex  mixed  aerobic- 
anaerobic  flora.  There  was  a  mean  of  6.2  bacterial  species/case  including 
3.2  aerobes  and  3.0  anaerobes.  Four  organisms  were  uniform]'/  present  and 
numerically  dominant:  E.  col i,  enterococci,  Bacteroides  fragili s  and  Fuso- 
bacter i.um  var ium .  Comparison  of  relative  concentrations  of  these  organisms 


in  peritonitis  exudate  and  abscess  contents  showed  that  the  two  facultative 
species  outranked  the  two  anaerobes  during  the  peritonitis  stage,  while 
the  reverse  applied  to  the  abscess  stage.  According  to  rank  order  analysis, 
these  differences  are  highly  significant. 

BlOod  cultures  were  obtained  from  randomly  selected  animals  at  1-3 
days,  7  days  and  11  days.  All  ten  animals  samoled  in  the  acute  peritonitis 
stage  had  bacteremia,  and  many  had  polymicrobial  bacteremia.  Blood  culture 
isolates  in  these  ten  animals  were  E.  coli  (9  rats),  Proteus  mirabilis  (20), 

B.  fragilis  (21)  and  enterococci  (22).  At  seven  days  bacteremia  was  less 
frequent  and  at  14  days  the  blood  cultures  failed  to  yield  any  pathogens. 

These  experiments  show  that  the  previously  defined  goals  for  an  experi¬ 
mental  model  were  satisfied.  The  fecal  implant  produced  a  predictable  dis¬ 
ease  which  followed  a  biphasic  course.  Initially,  there  was  acute,  often 
lethal,  peritonitis.  This  was  followed  by  the  formation  of  intraabdominal 
abscesses  at  5-7  days  in  all  surviving  animals.  The  pathologic  changes 
and  the  organisms  most  frequently  isolated  from  infective  sites  were  simi¬ 
lar  to  observations  in  human  infections.  Additionally,  mortality  and 
abscess  were  well  defined  objective  criteria  to  judge  different  stages  of 
the  disease  in  future  experiments. 

Of  particular  interest  were  the  sequential  bacteriological  changes  which 
occurred  during  evolution  of  the  disease.  Starting  with  a  complex  inoculum 
containing  at  least  22  identifiable  bacterial  species,  there  was  a  simplifi¬ 
cation  of  this  flora  at  the  infected  site.  All  specimens  yielded  a  mixture 
of  aerobes  and  anaerobes,  but  the  relative  concentrations  of  these  two 
bacterial  types  changed  during  the  course  of  the  disease.  Aerobes  were 
predominant  during  initial  peritonitis,  a  stage  associated  witn  E.  coli 
bacteremia  and  high  mortality.  Surviving  animals  uniformly  developed  localized 
intraabdominal  abscesses  in  which  the  numerically  dominant  organisms  were 
anaerobes,  principally  B.  fragilis  and  _F.  varium. 

In  recent  studies  an  additional  approach  has  been  used  to  further 
clarify  the  roles  of  specific  bacteria  in  this  experimental  model.  Instead 
of  implanting  a  complex  fecal  inoculum,  a  challenge  of  selected  bacterial 
strains  singly  and  in  various  combinations  was  used.  The  organisms  selected 
for  these  studies  were  those  which  dominated  at  infected  sites  in  the  initial 
studies  using  colonic  contents:  E.  coli,  enterococci,  fragilis  and  F. 
varium. 

There  were  11  groups  of  20  animals.  Initially,  all  four  organisms 
together  were  used,  then  each  organism  was  implanted  alone,  and  finally,  we 
used  all  possible  combinations  of  two  species.  The  source  of  bacteria  for 
these  experiments  was  an  intraabdominal  abscess  following  the  fecal  implant. 
Broth  cultures  of  each  strain  were  diluted  to  achieve  a  final  concentration 
of  1  X  10B  cfu/ml.  An  exception  was  E.  col i  which  was  diluted  to  5  x  10^ 
cuf/ml.  (This  adjustment  was  necessary  because  preliminary  experiments 
showed  that  the  higher  concentrations  with  E.  coli  were  universally  fatal.) 

The  total  volume  of  broth  used  in  the  inoculum  was  0.5  ml  in  all  animals. 

Thus,  the  total  number  of  bacteria  in  the  challenge  was  the  same  in  all 
groups,  with  the  exception  of  those  receiving  E.  coli .  In  each  experiment, 
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the  challenge  was  nrepared  by  mixing  the  broth  culture,  autoclaved  colonic 
contents  and  BaSO^  for  insertion  into  the  gelatin  capsule.  All  surviving 
animals  were  sacrificed  at  7  days  for  autopsy  examination. 


Table  5 


Group 


(1)  All  four  species 

(2)  Single  species 

E_.  coli 
Enterococci 
B .  fragilis 

—m  varium 

(3)  Dual  combinations 

E.  coli  +  B_. 

fragilis 
E .  coli  +  F_. 
varium 

Enterococcus  + 

3 .  fragilis 
Enterococcus  + 

F.  varium 
Enterococcus  + 

E_ .  coli 
B.  fragilis  + 

F.  varium 


No. 

tested  Mortalitv 


20 

8/20 

(40%) 

20 

13/20 

(65%) 

20 

0/20 

20 

0/20 

20 

0/20 

20 

7/19 

(37%) 

19 

6/19 

(32%) 

20 

0/20 

19 

0/19 

20 

5/20 

(25%) 

19 

0/19 

Abscesses  in  survivors 
12/12  (100%) 

0/  7 
0/20 
0/20 
0/20 

12/12  (100%) 

12/13  (92%) 

19/20  (95%) 

17/19  (89%) 

0/15 

1/20  (5%) 


Results  of  these  experiments  are  summarized  in  Table  5.  The  combination 
of  all  four  species  reproduced  the  previous  observations  using  a  complex  fecal 
inoculum.  Eight  of  the  20  animals  expired  by  the  7th  day,  and  all  twelve 
survivors  had  intraabdominal  abscess.  Exoeriments  in  which  each  species  was 
implanted  separately  showed  mortality  only  in  the  group  receiving  E.  coli , 
and  none  of  the  animals  receiving  a  single  species  developed  intraabdominal 
abscesses.  These  results  suggested  that  microbial  combinations  were  critical 
for  abscess  formation.  The  dual  combination  experiments  again  showed  mortality 
only  in  the  groups  which  received  E.  col i  in  the  inoculum.  Abscesses  were 
largely  restricted  to  experiments  utilizing  one  facultative  strain  and  one 
anaerobe.  The  incidence  of  abscesses  was  89-100%  in  the  groups  which  employed 
this  type  of  combination.  On  the  other  hand,  no  abscesses  were  detected  in 
animals  receiving  El.  coli  plus  enterococci,  anti  only  one  animal  developed 
an  abscess  in  those  challenged  with  the  rat  isolate  of  B.  f ragi 1 is  and  F. 
varium. 
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F.  Recent  Col laborative  Investigations  with  Encapsulated  Strains  of 
B.  fragilis 

The  strain  of  B_.  fragilis  used  in  the  experiments  described  above  . 
has  been  found  by  capsular  staining  techniques  to  be  an  unencapsulated  strain 
of  B.  fragilis  ss,  other. 


We  next  implanted  the  peritoneum  of  animals  with  strain  23745  ss.  fragilis , 
the  encapsulated  subspecies  described  previously.  These  data  are  described 
in  table  6.  The  encapsulated  strain  either  by  itself  or  in  combination  w ith 
the  enterococcus  induced  abscess  formation,  while  the  unencapsulated  strain 
(8503)  only  induced  abscess  formation  in  combination  with  the  enterococcus, 
and  not  by  itself. 

Table  6 

Initial  Comparison  of  Encapsulated  and  Unencapsulated  Strains  of  B.  fragilis  in  Rat  Model 
r  Rats  Inoculum  &  Strain  #  Mortality  Abscess  (%)  Culture 


Entero,  5x10 
B .  frag,  ss .  fragilis, 
23745,  5xl07 


6-B.  frag .  6/6 


Entero,  5x10 
B_.  frag .  ss*  dis  tasonis , 
8503,  5xl07 


5  entero  3/5 


B_.  frag,  ss .  fragilis 
2  374  5,’  5xl07 

— *  _frac[.  ss.  distasonis 
8503,  5xl07 


5  B.  frag.  4/5 


2  B.  frag .  1/2 


Strain 


Encapsulated  alone 
Unencapsulated  alone 
Encapsulated  +  entero. 
Unencapsulated  +  entero. 


4/5  (80) 
1/2  (50) 
6/6  (100) 
0/6  (0) 


Table  7  summarized  the  results  of  a  number  of  studies  which  showed  that 
the  encapsulated  strains  consistently  caused  abscess  formation  to  a  signifi¬ 
cantly  greater  degree  than  unencapsulated  strains.  Furthermore,  heat  killed 
encapsulated  strains  were  sufficient  to  cause  abscesses,  either  alone  or  in 
combination  with  unencapsulated  strains.  Killed  encapsulated  organisms  induced 
sterile  abscesses,  which  were  not  found  in  the  control  animals.  In  contrast, 
nearly  all  abscesses  induced  with  live  encapsulated  strains  yielded  oositive 
cul tures . 
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Table  7 


Summary  of  Recent 

Data  on  Pat 

Model 

Group 

Abscess 

Abscess 

culture  for  B.  fragilis 

B.  frag.  ss.  frag.  (3  strains)* 

19/20 

9/10 

B.  frag.  ss.  dist.  (2  strains)-*" 

5/20 

1/5 

B.  frag.  ss.  vulgatus  (1  strain)-*- 

3/10 

0 

B.  frag.  ss.  TIO  (1  strain)4- 

2/10 

0 

B.  frag.  ss.  fraq.  (killed)* 

8/10 

0 

B.  frag.  ss.  frag,  (killed)* 

B.  frag.  ss.  dist.  (live*)4- 

17/20 

0 

B.  frag,  ss .  other*  +  Strep,  sanguis 

9/10 

0 

Sterile  cecal  contents  (no  BaSO^) 

0/10 

0 

Sterile  broth  (no  cecal  contents  or 
BaS04) 

0/10 

0 

Broth  culture 

B.  frag.  ss.  frag.*  (no  cecal 

cov tents  or  BaSO.) 

4 

0/10 

0 

Broth  culture 

B.  fraq.  ss .  dist.4*  (no  cecal 

contents  or  BaSO.) 

4 

0/10 

0 

*  encapsulated 
+  unencansulated 


We  believe  that  these  data  stronlv  support  the  thesis,  that  encapsu¬ 
lated  strains  are  more  virulent  than  unencapsulated  strains.  Further  studies 
will  be  described  in  the  proposal  which  will  allow  proof  that  the  capsule 
itself  is  the  "virulence"  factor. 


G.  Antibody  Response  in  the  Animal  Model 

To  begin  to  evaluate  the  potential  usefulness  of  the  RABA  in  clinical 
infection,  studies  were  done  in  several  of  the  groups  of  animals  described 
above,  to  detect  antibody  to  the  capsular  material  in  experimental  infection. 

In  Table  3,  it  is  seen  that  animals  fed  meat  or  grain  and  observed  for 
one  month  showed  no  changes  in  antibody  levels.  Animals  receiving  the  entero¬ 
coccus  alone  also  showed  no  change  in  the  level  of  circulating  antibodies  to 
the  capsule  of  B.  fragilis  ss.  fragil is .  However,  animals  receiving  B.  f rani li s 
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ss.  f ragil is  alone  or  in  combination  with  the  enterococcus  developed  signifi¬ 
cant  antibody  rises  as  early  as  seven  days  after  infection.  Animals  receiving 

killed  ss.  fragilis  or  live  ss.  fraailis  without  cecal  contents  or  B aSO A  simi- 
-  - i. — .  4 

larly  developed  rises  in  antibody.  Animals  receiving  strains  of  ss,  distasonis, 
or  vulgatus  showed  no  rises  in  antibody ,  although  animals  receiving  another 
strain  of  ss.  f ragilis  or  the  fecal  inoculum  did  show  increased  titers. 


Table  8 


Summary  of  Antibody  Response  in  Rat  Model  to  Capsule  of  ss.  fragilis 

Day  after  infection  Reciprocal  Mean  Titer 
Group  (n) _  Serum  Drawn _  _ (50%  binding) _ 


Meat  fed  (5) 

0, 7,14,21,28 

<2 

Grain  fed  (5) 

0,7,14,21,28 

<2 

Enterococcus  (5) 

0,7,14,21,28 

<2 

B.  frag,  ss .  frag,*  (5) 

0 

<2 

7,14,21,28 

>40 

B.  frag.  ss.  frag.* 

0 

<2 

+  (20) 

7 

22 

Ente roccccus 

14 

45 

21,28,42 

>60 

B.  frag.  ss.  frag.* 

(killed) 

(10) 

0 

<2 

5 

>20 

B.  frag.  ss.  dist.+ 

B.  frag.  ss.  frag,  (killed)*  (5) 

0 

<2 

5 

4 

B.  frag.  ss.  vulgatus+  (5) 

0,5 

<2 

B.  frag.  ss.  dist.  +  (8) 

0,7 

<2 

B.  frag.  ss.  frag.*  (no  cecal  ,  v 

0 

<2 

—  - ±  - -  ( 7 ) 

contents  or  BaSC>4) 

5 

24 

Fecal  inoculum  (6) 

0 

<2 

7 

7 

*  encapsulated  +  unencapsulated 

This  data  would  indicate  that  the  RARA  is  useful  in  detecting  antibody 
to  the  capsular  material  in  the  experimental  model;  that  it  is  sensitive  and 
can  detect  antibody  as  early  as  5  days  after  implantation  and  also  that  it 
i s  spec if i c . 

H.  Antibody  in  Patients  with  B^.  fragilis  Infection 

Paired  sera  have  been  obtained  from  10  patients  with  proven  B. 
fragilis  infection.  Significant  changes  in  antibody  levels  were  demonstrated 


in  all  three  patients  with  subspecies  fragil is  infection,  but  in  only  3 
of  7  patients  with  infection  involving  other  subspecies.  It  is  of  interest 
that  two  of  those  three  infections  involved  more  than  one  subspecies  of 
organisms.  Organisms  of  subspecies  f ragi lis  are  identified  by  negative 
sugar  f ermentat ions  and  negative  indole  reaction.  It  is  possible  therefore 
in  mixed  cultures  to  "mask"  the  presence  of  this  subspecies  by  another 
subspecies  fermenting  an  appropriate  sugar  or  producing  an  indole  reaction. 
Also,  it  is  possible  that  the  capsular  antigen  is  shared  by  strains  of  other 
subspecies.  However,  a  most  intriguing  possibility  is  that  mixed  infection 
with  subspecies  other  than  fraail is  induces  antigen  formation.  This 
possibility  is  also  suggested  by  our  finding  that  rats  infected  with  a 
fecal  inoculum,  not  containing  organisms  of  ss  f ragi 1 is ,  developed  anti¬ 
body  rises  to  the  capsular  substance. 

I I .  Endotoxin 

Endotoxins  of  aerobic  gram-neaa ti ve  bacteria  have  been  studied  exten¬ 
sively  for  many  years.  However,  the  1 ipopolysacchar ides  of  anaerobic  gram¬ 
negative  rods  have  not  been  subjected  to  a  similarly  intense  investigation 
until  relatively  recently. 

Using  aqueous  phenol  extracts  of  Bacteroides  f ragili s  f ragilis ,  Hofstad 
and  Kris  toff erson  (23)  found  that  the  lipopolysaccharides  of  this  organism 
lacked  two  essential  suaars  of  classical  endotoxins:  2-keto-3-desoxyoc tonate 
(KDO) ,  and  heptose.  Thev  also  found  that  this  preparation  had  relatively 
weak  endotoxin  potency.  When  the  lipopolysacchar ide  was  administered  in 
relatively  high  doses  (200  ug  per  rabbit),  however,  it  induced  a  local 
Schwartzman  reaction.  Using  a  similar  extraction  procedure  Sonnenwirtb, 
et  a_l.  (24)  found  KDO  in  the  endotoxin  of  B_.  fragil  is  f  racilis;  endotoxin 
was  detected  in  the  sera  of  patients  with  bacteremia  due  to  Eh  fragil  is  by 
means  of  the  Limulus  lysate  assay,  another  indication  of  the  presence  of 
a  lipopolysaccharide. 

Endotoxins  of  gram-negative  bacteria  are  found  uniformly  associated 
with  the  outer  membrane  complex  of  antigens.  In  our  studies  of  theouter 
cell  wall  membrane  of  B_.  fragilis,  the  membrane  was  found  to  contain  an 
important  protein  component  which  was  shared  by  all  studied  strains  of 
subspecies  fragilis ,  but  which  was  not  shared  by  representative  strains  of 
other  subspecies  (1).  The  outer  wall  membrane  contained  two  major  antigenic 
fractions  which  were  separable  by  the  disaggregation  of  one  of  these  com¬ 
ponents  by  chromatography  on  a  Sephadex  G-100  column  (Pharmacia,  Uppsala, 
Sweden)  In  an  endotoxin-disaggregating  buffer.  The  disaggregated  antigenic 
fraction  contained  lipid  and  carbohydrate;  another  carbohydrate  portion 
which  has  been  shown  to  be  a  capsular  polysaccharide  (25)  eluted  at  the 
void  volume  of  the  column,  and  contained  four  of  the  five  sugars  found  in 
the  disaggregated  antigenic  fraction.  The  void  dolune  fraction  had  some 
protein  in  addition  to  the  carbo hydrate.  Each  fraction  had  one  sugar  that 
was  not  found  in  the  other  fraction.  Both  antigenic  fractions  contained 
lipid.  However,  the  disaggregation  of  the  non-protein  fraction  in  the 
endotoxin-disaggregatino  buffer  led  us  to  assume  that  there  existed  a  more 
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intimate  relationship  between  lipid  and  carbohydrate  in  this  fraction.  Both 
fractions  contained  hexose,  hexosarnine,  and  methyl  pentose  in  different 
molar  ratios.  Both  fractions  lacked  KDO  and  heptose,  which  form  part  of  the 
inner  core  of  bacterial  endotoxins. 

We  have  now  compared  B.  fragi lis  outer  membrane  lipopolysaccharide 
with  lipopolysaccharide  extracted  from  cells  with  aqueous  phenol,  and  find 
the  two  preparations  to  be  chemically  and  biologically  similar.  Both  pre¬ 
parations  lack  many  of  the  biologic  characteristics  of  endotoxins. 

Purification  of  the  outer  membrane-  (1,26)  Pelleted  organisms  were 
suspended  at  24  C  in  a  buffer  containing  0.05  M  sodium  phosphate,  0.15  M 
NaCl,  and  0.01  M  ethvlene-diaminetetraacetic  acid  (ED'LA)  ,  adjusted  to  pH 
7.4.  The  final  volume  was  approximately  l/50th  that  of  the  original  cul¬ 
ture.  The  suspension  of  organisms  was  incubated  at  60  C  for  30  min,  subjected 
to  mild  shearing  by  nassaqe  through  a  25-guage  hypodermic  needle  by  manual 
pressure,  and  mixed  for  10  sec  in  a  Waring  blender. 

Orcranisms  were  pelleted  from  the  suspension  by  centrifugation  at 
12,000  x  g  at  4  C  for  20  min;  the  supernatant  fluid  was  then  centrifuged 
(to  pellet  the  membranes)  at  80,000  x  g_  at  4  C  for  2  h.  Both  centrifugations 
were  repeated  and  the  final  product,  a  clear  gel-like  pellet,  was  stored 
frozen  in  water. 

Separation  of  liponolv'saccharide  from  the  outer  membrane  complex.  (1) 
Loosely  bound  lipid,  when  specified,  was  removed  from  the  complex  after  pre¬ 
cipitation  of  the  outer  membrane  from  0J.2  N  NaCl  with  80%  ethanol  (vol/vol)  ; 
the  precipitate  was  washed  twice  with  chloroform- methanol  (2:1  vol/vol). 

After  centrifugation  at  16,000  x  g  at  4  C  and  reextraction  of  the  pellet 
with  chloroform-methanol,  the  two  supernatant  fluids  were  pooled  and  dried 
by  evaporation  under  a  stream  of  nitrogen.  The  material  which  was  insoluble 
in  chloroform-methanol  was  dried  and  then  solubilized  in  5  cc  of  the  endotoxin- 
disaggregating  buffer  (NaD  buffer)  which  contained  0.05  M  glycine,  0.01  M 
EDTA,  and  0.5%  sodium  desoxvcholate,  adjusted  yo  pH  9.0  with  6  N  NaOH. 

This  material  was  then  chromatographed  on  a  1.6-  x  82-cm  Sephadex  G-100  column 
equilibrated  in  NaD  buffer,  and  2-ml  fractions  were  collected.  In  some 
experiments,  for  a  definition  of  the  elution  profile  of  the  preparations, 
outer  membranes  were  intrinsically  labeled  with  (H^)  glucose,  leucine, 
or  acetate.  Two  peaks  of  radioactivity  were  noted  (1) .  No  further  disaggre¬ 
gation  was  found  when  the  buffer  was  prepared  with  3%  sodium  desoxycholate . 

5 

The  void  volume  material  (peak  1,  >10  daltons)  was  collected,  pooled 
and  concentrated  to  5  ml  by  means  of  an  ultrafiltration  cell  with  a  PM-30 
membrane  (Amicon  Corp.,  Lexington,  Mass.).  The  remainder  of  the  material 
(peak  2),  with  an  estimated  molecular  size  of  12,000  daltons,  was  recovered 
and  treated  in  the  same  way,  except  that  it  was  concentrated  on  a  UM-2 
membrane  (Amicon)  because  of  the  smaller  size  of  the  material.  Both  con¬ 
centrates  were  precipitated  with  four  volumes  of  cold  absolute  ethanol.  For 
removal  of  the  remaining  sodium  desoxycholate,  the  pellet  was  washed  twice  with 
80%  ethanol;  in  some  experiments  the  pellet  was  also  washed  twice  with  absolute 
alcohol  to  remove  the  remaining  lipid  (8).  In  other  experiments,  after  the 
peak  2  material  was  collected  and  concentrated,  the  pool  was  resuspended  in  0.05 
M  tris  (hydroxymethyl)  aminomethane  (Tris)  buffer,  pH  7.3,  and  rechroma¬ 
tographed  on  a  2.5  x  90  cm  Sepharose  4B  column  equilibrated  in  this  buffer. 
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This  procedure  was  done  to  demonstrate  ropolyineri zation  of  the  peak  2 
material . 

Other  methods  of  endotoxin  preparation.  Endotoxin  was  also  prepared 
by  means  of  a  modification  of  the  nhenol/water  method  of  Westphal  (2). 

Pelleted  whole  bacteria  were  suspended  to  make  a  concentration  of  20mq/ml 
(wet  weight  in  water) .  Eleven  volumes  of  83%  hot  (68  C)  phenol  were  added 
to  nine  volumes  of  bacterial  suspension  and  the  mixture  was  vigorously  shaken 
for  5  min  at  63  C.  The  two  phases  were  separated  in  a  separatory  funnel 
at  4  C  for  18  h.  After  removal  of  the  aqueous  phase,  the  extraction  of  the 
phenol  phase  was  repeated  with  nine  volumes  of  water.  The  next  day,  the 
aqueous  phases  were  combined  and  the  excess  phenol  was  removed  by  triple 
extraction  with  ether.  Excess  ether  was  removed  from  the  aqueous  extract 
in  a  separatory  funnel;  a  stream  of  air  was  then  blown  across  this  phase, 
and  it  was  then  concentrated  10  times  on  a  PM-30  membrane  (Amicon) .  The 
concentrate  was  precipitated  with  four  volumes  of  cold  absolute  alcohol  and 
centrifuged  at  10,000  x  c[  for  15  min.  The  pellet  was  suspended  in  neutral 
phosphate  buffered  saline  and  then  double  treated  with  DNase,  RNase,  and 
trypsin.  The  clear  supernatant  was  then  chromatographed  on  a  2.5  x  90  cm 
Sepharose  4B  (Pharmacia'  column  equilibrated  in  0.05  M  Tris  buffer  (pH  7.3). 

The  void  volume  material  was  collected,  concentrated  20  times  on  a  PM-30 
membrane,  and  precipitated  from  the  buffer  with  four  volumes  of  cold  absolute 
alcohol.  This  precipitate  was  suspended  in  water  and  lyophilized.  The  dry 
material  was  the  aqueous  phenol  extract. 

A  similar  extraction  procedure  was  done  for  the  EDTA  treated  organisms 
which  were  separated  by  centrifugation  from  the  outer  membrane  preparation 
in  the  supernatant.  This  was  done  because  electron  micrographs  of  organisms 
(taken  after  separation  of  the  outer  membrane)  have  shown  that  a  majority 
of  bacteria  still  contain  intact  outer  membranes  (1) .  A  similar  extraction 
was  done  on  EDTA  treated  organisms  that  were  not  sheared.  Additionally, 
the  phenol-chloroform-petroleum  ether  extraction  for  rough  mutants  was  done 
as  described  by  Galanos  et.  al^  (27).  Aqueous  phenol  extracted  endotoxin  from 
Escherichia  coli  0:127  and  Salmonella  tv phi  0:901  were  kindly  supplied  by 
Dr.  William  R.  McCabe. 

Analytical  methods.  Fatty  acid  ester  and  amide  content  was  determined 
by  the  procedure  of  Snyder  and  Stevens  (23),  as  modified  by  Haskins  (29). 

Total  lipid  content  was  estimated  by  the  method  of  Bligh  and  Dyer  (30). 

2-keto- 3-deoxyoctonate  content  was  estimated  by  the  method  of  Weissbach  and 
Hurwitz  (31)  as  modified  by  Osborne  (32).  Total  heptose  content  was  deter¬ 
mined  by  the  cys teine-H^SO^  method  of  Osborne  (32).  Papers  for  chromatographic 
analysis  of  carbohydrates  were  run  in  a  solution  of  ethyl  acetate : pyridine : 
water  (120:50:40)  for  10  h  after  hydrolysis  of  200  pg  of  samples  in  2  N  IICl 
for  4  h  at  100  C.  Papers  were  developed  by  means  of  silver  nitrate  and  NaOH 
(33). 


Tests  for  biologic  activity.  The  Limulus  lysate  assay  was  kindly  done 
by  Dr.  William  R.  McCabe,  according  to  the  method  of  Levin  (34). 

Tests  for  toxicity  were  done  on  chicken  embryos  as  described  by  Smith 
and  Thomas  (35).  Serial  10-fold  dilutions  of  sample  in  0.1  ml  sterile  0.15  M 
saline  were  injected  into  lowered  chorioallantoic  membrane  of  10-day  old 


chicken  embryos.  Six  to  10  eggs  received  injections  of  each  concentration . 
After  the  injection  port  was  closed  with  tape,  the  eggs  were  incubated  in 
a  non-turning  tray  at  34  C  +  0.5  C  for  24  h.  At  this  time  the  number  of 
deaths  was  determined  and  50%  lethal  end  points  were  calculated  by  the 
method  of  Reed  and  Muench  ( 36) .  Control  infections  of  sterile  saline  and 
of  an  endotoxin  of  group  C  Neisseria  meningitidis  were  performed.  This 
endotoxin  was  prepared  by  means  of  the  NaD  buffer  technique  (1,37). 

Skin  sites  for  testing  of  the  dermal  Shwartzman  reaction  were  prepared 
in  groups  of  New  Zealand  white  rabbits,  1.0  -  1.5  kg  and  between  2  and  4  months 
old,  by  the  intradermal  injection  of  serial  dilutions  of  0. 25-ml  samples  of 
test  material.  The  reaction  was  provoked  21  h  later  by  the  intravenous 
injection  of  0.5-ml  samples.  Hemorrhage  or  necrosis  of  the  skin  within  6 
h  after  the  provocative  dose  was  given  was  recorded  as  a  positive  reaction. 

The  method  of  Reed  and  Muench  (36)  was  again  used  to  calculate  50%  end¬ 
points  . 

Five  extraction  techniques  were  used  to  compare  qualitative  chemical 
and  biological  activities  of  the  endotoxin  of  B.  fragilis .  Essentially  no 
extractable  antigen  was  obtained  from  5  g  (dry  weight)  of  the  organisms  by 
means  of  the  phenol-chloroform-petroleum  ether  method  (27),  a  finding  that 
indicates  that  firmly  bound  lipids  were  not  a  major  component  of  this 
endotoxin . 

Paper  chromatograms  of  the  hydrolyzates  of  the  four  other  preparations 
(stained  for  sugars)  are  seen  in  figure  9.  Material  from  peaks  1  and  2 
resulting  from  the  chromatography  of  the  outer  membrane  extract  on  a  G-100 
column  have  four  identical  sugars  shared  by  both  fractions  (a-d) ,  but  each 
fraction  has  a  fifth  sugar  not  found  in  the  other  (e  and  f) .  The  aqueous 
phenol  extract  contains  sugars  similar  to  those  found  in  the  peak  2  material 
(a-e) ,  as  does  the  EDTA  treated  phenol  extract  which  was  not  sheared.  The 
aqueous  phenol  extract  from  the  EDTA-  and  shear-treated  organisms  contain 
both  of  the  extra  sugars  (e  and  f) .  These  results  substantiate  that  the 
peak  2  material  is  similar  to  the  aqueous  phenol  extract  from  this  organism. 

In  another  portion  we  have  shown  that  the  peak  1  material  is  a  capsular 
polysaccharide . 


Figure  9.  Paper  chromatogram  of  various  antigen  preparations  stained  for 
sugars.  Left  to  right:  1)  EDTA-shear-phenol  extract  2)  classic  phenol/ 
water  extract  3)  EDTA-non-sheared-phenol  extract  4)  Peak  1  extract 
5)  Peak  2  extract. 


Table  9  demonstrated  the  loose  association  of  polysaccharide  and  lipid 
of  peaks  1  and  2.  Non-lipid  extracted  outer  membrane  was  solubilized  in 
NaD  buffer,  and  chromatographed  on  G-100  yielding  peaks  1  and  2.  Twenty-four 
percent  of  the  dry  weight  of  peak  1  and  46%  of  the  dry  weight  of  peak  2  was 
lipid.  The  intact  membrane  contained  1.7  uEq  fatty  acid  ester/mg.  When 
the  membrane  was  twice  extracted  with  chloroform-methanol  prior  to  chromato¬ 
graphy  and  was  then  chromatographed  on  Sephadex  G-100  in  NaD  buffer,  0.42 
jjEq  fatty  acid  ester/mg  was  found  in  peak  1  and  0.18  pEq  fatty  acid  ester/mg 
was  found  in  peak  2.  By  further  washing  of  both  peaks  with  80%  and  absolute 
alcohol,  the  fatty  acid  ester  content  of  peak  1  could  be  reduced  to  0.1 
pEq/ml  and  to  0.2  pEq/mg  in  peak  2. 


Change  in  lipid  content  of  outer  membrane  fractions  after 


successive  washings  with  organic  solvents. 


Non-lipid 

extracted 

Peak _ fraction  (^)a 


k  Chlorofom-r.e  thancl 

Chloroform-methanol  and  alcohol  extracts 

extracted  f racf  ion  (uEq/rag) _ fraction  (u Eg/::c 


24 


0.42 


0.1 


2 


46 


0.18 


0.2 


a 

Figures  represent  total  lipid  content  (percentage  of  dry  weight) . 

^Figures  represent  fatty  acid  ester  content  (expressed  as  HEq  fatty  acid  per 
mg  antigen) . 


So  that  the  hypothesis  that  peak  2  was  a  disaggregated  lipopolysacchar ide 
could  be  tested,  this  extract  was  re chromatographed  on  Sepharose  4B  equilibrated 
in  Tris  (figure  10). 
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EFFLUENT  VOLUME  (ml) 


3 

Fiaure  10.  Elution  profile  of  (H  )  labeled  peak  2  demonstrating  reaggrega¬ 
tion  in  absence  of  NaD  buffer.  Iden^ica..  elution  volume  was  noted  with 
peak  2  material  after  washing  with  chloroform-methanol  or  chloroform-methanol 
and  absolute  alcohol.  CPM^counts  per  minute  of  50  A  sample. 


Three  preparations  of  peak  2  were  chromatographed  separately;  the  intact 
peak  (no  lipid  extracted) ,  the  chloroform-methanol  extracted  peak  2;  and  the 
chloroform-methanol  and  alcohol  extracted  peak  2  (table  9).  Ail  three  pre¬ 
parations  eluted  at  the  void  volume  of  the  Sepharose  column,  a  finding 
that  indicates  partial  sizes  greater  than  5  x  106  daltons.  Therefore, 
these  preparations  all  aggregated  in  the  absence  of  NaD  buffer,  and  might 
again  be  disaggregated  in  NaD  buffer  (figure  11);  this  possibility  was  tested 
by  repeated  chromatography  on  Sephadex  G-100  in  NaD  buffer  with  elution  at 
a  molecular  size  of  12,000  daltons. 


EFFLUENT  VOLUME  (ml) 


3 

Figure  11.  Elution  profile  of  (H  )  labeled  lipopolvsaccharide  extracts 
demonstrating  disaggregation  after  chromatography  in  NaD  buffer  containing 
G-100  column.  Elution  peaks  of  molecular  size  markers  are  indicated  as: 

A  =  aldalase  (void  volume)  (158,000),  O  =  ovalbumin  (45,000),  CT  - 
chymotrypsinogen  A  (25,000),  CV  -  cytochrome  C  (12,700). 


Column  chromatography  of  the  aqueous  phenol  extract  demonstrates  that 
like  the  material  of  peak  2,  the  extract  fully  disaggregated  in  NaD  buffer. 
The  EDTA-shear-phenol  extract,  which  contains  the  sugars  found  in  peaks  1 
and  2,  disaggregates  in  the  NaD  buffer  when  chromatographed  into  the  two 
fractions,  a  finding  one  would  anticipate  from  the  sugar  content  represented 
on  paper  chromatography .  This  group  of  experiments  demonstrates  that  there 
is  a  physical-chemical  difference  between  material  in  peaks  1  and  2  other 
than  the  additional  sugar  we  have  noted.  The  difference  seems  to  be  related 
to  a  greater  affinity  of  polysaccharide  for  lipid  in  the  peak  2  material, 
because  the  lipid  portion  of  the  lipopolysaccharide  is  responsible  for 
disaggregation  in  NaD  buffer. 
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We  next  tested  our  preparations  for  biological  endotoxicity .  The 
results  of  the  Limulus  lysate  test  are  shown  in  table  10.  There  were  no 
significant  differences  among  the  concentrations  at  which  non-lioid  extrac¬ 
ted  peaks  1  and  2,  aqueous  phenol,  EDTA-shear-phenol ,  EDTA-non-shear-phenol , 
and  intact  outer  membrane  caused  gelation  of  the  lysate.  There  is  some 
suggestion  that  the  lipid  extracted  peaks  1  and  2  are  less  potent  than 
their  non-lipid  extracted  duplicates.  All  preparations  are  significantly 
less  potent  on  a  concentration  basis  than  either  of  the  control  endotoxins. 


Table  10 

Results  of  the  Limulus  lysate  test 


Preparations  Concentration  ( y/vcl ) a 


r. 

Outer  membrane 

0.125 

Peak  1  (non-lipid  extracted) 

0.03 

Peak  2  (nen-lipid  extracted) 

0.06 

Classic  phenol 

0.06 

Phenol-EDTA-shear 

0.06 

Phenol -EDTA 

0.06 

'Peak  1  (lipid  extracted) 

0.156 

Peak  2  (lipid  extracted) 

0.290 

Escherichia  coli  0:127 

0.003 

Salmonella  typhi  0:901 

0.003 

aFigutes  represent  concentrations  of  individual  preparations  at  which  gelation 
of  the  lysate  occurred.  t 
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Non-lipid  extracted  peak  1,  peak  2,  outer  membrane,  lipid  component 
of  outer  membrane,  and  aqueous  phenol  extract  were  all  tested  for  their 
ability  to  kill  10-day  old  chick  embryos  when  injected  into  the  chorio¬ 
allantoic  membrane.  A  control  endotoxin  of  group  C  Neisseria  meningitidis 
prepared  in  a  manner  similar  to  that  for  the  peak  2  extract  was  tested. 
The  results  are  shown  in  table  11.  None  of  the  IB.  f ragilis  preparations 
showed  lethality  when  administered  in  doses  of  up  to  200  j.ig  per  egg. 
However,  the  control  endotoxin  (group  C  Neisseria  meningitidis) ,  had  an 
LD^q  of  1.2  ug  per  egg. 


Table  11 

Lethality  of  various  preparations  on  10-dav  old  chick  embryos  after 
injection  into  the  chorioallantoic  membrane 


Preparation 

LD50 

Outer  membrane 

>200 

Peak  1  (non- lipid  extracted) 

>200 

Peak  2  (non-lipid  extracted) 

>200 

* 

Classic  phenol  extract 

>200 

Group  C  endotoxin,  Neisseria 

meningitidis  a 

1.2 

aThe  endotoxir.  of  group  C  Neisseria  meningitidis  was  prepared  in  a  run: 
similar  to  that  used  for  the  peak  2  (non-lipid)  extract. 


Finally,  various  preparations  were  tested  for  their  ability  to  induce 
the  local  Shwartzman  phenomenon  in  groups  of  rabbits.  An  endotoxin  of  Sal¬ 
monella  typhi  0:001  extracted  by  aqueous  phenol  was  used  as  a  control.  The 


'ter 
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results  are  shown  in  table  12.  None  of  the  13.  f ragil is  preparations  induced 
the  local  Shwartzman  reaction  when  given  in  doses  as  high  as  1  mg.  However, 
the  control  (£.  tvphi  endotoxin)  gave  a  positive  result  in  all  five  rabbits 
tested,  with  a  50%  endpoint  of  3  ug.  These  experiments  demonstrate  that 
in  our  hands,  B_.  fragilis  endotoxins  have  minimal  biologic  activity  in  the 
tests  we  performed. 

(See  Table  12,  page  34) 

So  that  we  could  be  sure  the  endotoxin  of  this  organism  had  not  been 
missed  by  any  of  the  standard  extraction  procedures  used,  whole  bacteria 
were  tested  for  their  ability  to  induce  the  local  Shwartzman  phenomenon. 
Twenty-one  hours  after  graded  preparative  doses  of  up  to  2,500  pg  dry 
weight  of  B.  fragilis  (killed  by  exposure  to  ambient  atmosphere)  were  given 
to  groups  of  five  rabbits,  provocative  doses  of  1,000  \ig  were  administered. 

No  reactions  were  noted  in  any  rabbit,  an  indication  of  the  absence  of 
biologically  active  endotoxin.  Groups  of  five  rabbits  were  similarly 
tested  with  strain  99M  group  B  Neisseria  meningitidis  and  strain  526  of 
Pseudomonas  aeruginosa .  Both  organisms  were  killed  by  heating  at  60  C 
for  30  min.  The  50%  endpoint  for  meningococcus  was  600  \.g  (preparative 
dose,  dry  weight)  and  900  ug  for  pseudomonas  as  determined  by  the  method  of 
Reef  and  Muench  (36).  A  1,000  yg  provocative  dose  w as  also  used  in  these 
rabbits.  The  weak  endotoxin  potency  of  these  whole  cells  could  be  anticipated 
because  of  their  insolubility  and  the  vastly  more  potent  endotoxicity  of 
soluble  extracs. 

In  this  portion  of  the  study,  we  have  characterized  by  several 
techniques  an  endotoxin  like  molecule  isolated  from  Bacteroides  fragilis 
fragilis .  This  component  has  been  separated  from  purified  preparations  of 
outer  membrane  by  disaggregation  via  NaD  buffer  and  column  chromatography. 

We  have  also  isolated  a  chemically  similar  component  by  the  aqueous  phenol 
technique  (2).  It  is  of  interest  that  these  extracts  lack  KDO  and  heptose, 
two  of  the  characteristic  sugars  of  aerobic  bacterial  endotoxins.  Using 
aqueous  phenol  extracts,  Hofstad  and  Kristofferson  also  noted  that  endotoxins 
of  B_.  fragilis  lacked  these  sugars  (2  3)  .  Sonnenwirth  (24)  ,  however,  found 
KDO  in  the  endotoxins  of  some  strains  of  B.  fragilis .  Differences  in  strains 
may  cause  this  divergent  data.  In  classical  endotoxins,  KDO  is  linked  to 
lipid  A.  We  have  demonstrated  that  in  these  preparations,  KDO  is  absent. 

The  character  of  the  linkage  between  the  lipid  moiety  and  the  polysaccharide 
is  unknown.  However,  by  simple  washing  with  chloroform- methanol  and  alcohol, 
the  greater  part  of  the  lipid  is  removable.  This  molecule,  washed  in  organic 
solvent,  still  retains  some  lipid  which  allows  repeated  disaggregation  in 
NaD  buffer  and  reaggregation  in  the  absence  of  this  buffer.  Therefore,  we 
feel  there  is  a  close  association  between  lipid  and  polysaccharide . 

These  studies  have  shown  that  the  lipopoly saccharide  of  Bacteroides 
fragilis  fragilis,  in  our  hands,  lacks  some  characteristic  biologic  functions 
of  an  endotoxin.  This  lipopolysaccharide  gels  the  Limulus  lysate  at  higher 
concentrations  than  do  the  aerobic  endotoxins.  This  finding  is  in  agreement 
with  those  of  Sonnenwirth  who  has  demonstrated  a  positive  Limulus  test  in 
the  sera  of  patients  with  sepsis  due  to  Bacteroides .  We  were  unable  to 
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-35- 


demonstrate  lethality  in  chick  embryos  or  to  induce  the  local  Shwartzman 
reaction  in  rabbits  even  with  the  use  of  very  large  quantities  of  material. 
These  tests  were  done  with  and  without  the  lipid  having  been  removed  from 
the  preparations.  The  non-lipid  extracted  molecules  are  soluble  and  lack 
endotoxicity ;  therefore,  an  insoluble  lipid  A  reported  to  lack  endotoxicity 
is  not  the  cause  of  this  lack  of  biologic  function.  Despite  the  presence 
of  46%  lipid  in  peak  2,  we  have  shown  that  this  lipid  is  largely  loosely 
bound.  As  one  might  predict  with  so  little  tightly  bound  lipid  present  in 
this  molecule,  we  obtained  no  lipopolysaccharide  with  use  of  the  phenol- 
chloroform-  petroleum  ether  method  of  extraction  of  rough  mutant  endotoxins 
(27).  One  may  consider  a  spectrum  of  types  of  lipopolysaccharide,  each  type 
consisting  of  different  relative  amounts  of  lipid  and  polysaccharide.  It 
would  seem  the  moieties  of  Bacteroides  fragilis  fragilis  represent  lipopoly- 
saccharides  at  one  extreme  of  this  spectrum,  containing  much  polysaccharide 
and  small  amounts ‘of  tightly  bound  lipid.  The  lipopolysaccharide  of  R 
mutants,  on  the  other  hand,  represents  the  other  extreme  of  the  spectrum, 
containing  much  lipid  and  small  amounts  of  polysaccharide. 

The  lack  of  local  Schwartzman  phenomena  after  injection  of  whole 
bacteria  into  rabbits  has  also  assured  that  endotoxin  was  probably  not  missed 
by  these  standard  extraction  methods. 

Tli is  lipopolysaccharide  with  limited  or  no  endotoxic  properties  may 
account  for  the  apparently  low  incidence  of  disseminated  intravascular 
coagulation  in  patients  with  sepsis  due  to  Bacteroides  fragilis ,  a  theory 
which  has  been  hypothesized  previously  (38). 


III.  Bacteroides  melaninogenicus 

We  have  now  begun  similar  immunochemical  investigations  of  Bacteroides 
melaninogenicus .  This  organism  is  the  predominant  species  of  Bacteroides 
isolated  from  lung  abscesses. 

13.  melani nogenicus  is  thought  to  be  responsible,  in  part,  for  periodontal 
disease  and  has  been  shown,  in  fact,  to  be  essential  in  certain  synergistic 
anaerobic  infections  of  the  mouth  (i.e.,  the  bacterial  mixture,  in  the 
absence  of  _B.  melaninogenicus ,  is  non-infective) .  Very  little  is  known  about 
the  antigenic  make-up  and  biochemical  structure  of  B.  melaninogenicus  and 
consequently  about  virulence  factors  and  the  immune  response  to  infection 
by  B^.  melaninogenicus .  Methods  have  been  developed  in  this  laboratory  in 
the  study  of  B_.  fragilis  that  are  useful  in  the  study  of  B.  melaninogenicus . 

The  outer  cell  membrane  may  play  a  role  in  the  virulence  of  Bacteroides 
melaninogenicus ,  as  it  does  in  many  other  bacterial  species,  and  is  very  likely 
the  site  of  antigenic  recognition  by  the  host.  Purification  of  the  cell  mem¬ 
brane  by  others  has  been  notably  incomplete  to  date,  and  identification  of 
purified  antigens  is  almost  non-existent.  Therefore,  we  have  begun  to  study 
the  outer  membrane  of  B.  melaninogenicus  as  follows:  first,  by  isolating 
and  characterizing  components  of  the  outer  membrane  comnlex;  second,  by 
identifying  the  antigenic  components  of  the  outer  membrane  comnlex. 
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Methods  and  Results 

B.  melaninogenicus ,  strain  382  was  obtained  from  the  Forsythe  Dental 
Laboratory.  Strain  536  was  obtained  from  A.K.  Daly,  Boston  City  Hospital 
Microbiology  Laboratory.  The  bacteria  were  grown  and  harvested  in  6  liter 
batches  using  culture  medium  described  by  Sokransky.  The  isolation  procedure 
used  was  that  described  by  us  previously  and  included  differential  centrifu¬ 
gation,  EDTA  treatment,  shearing  and  ultracentrifugation.  The  outer  membrane 
complex  was  then  separated  on  a  Sephadex  G-100  column  using  0.5%  Na  deoxy- 
cholate  buffer  (endotoxin  disaggregating) .  The  eluent  demonstrated  a  major 
peak  at  the  void  volume  that  consisted  of  large  protein  and  carbohydrate 
components  (see  percentages  below)  and  a  smaller  second  peak  (1/3  of  total) 
which  contained  a  majority  of  carbohydrate  and  very  little  protein.  The 
peaks  were  concentrated  with  Amicon  apparatus,  using  PM- 30  and  UM-2  membranes 
for  peaks  1  and  2,  respectively. 

Peak  1  was  found  to  contain  50%  protein  and  50%  carbohydrate.  The 
carbohydrate  portion  was  composed  of  hexose,  methyl  pentose  and  hexosamine 
(6:2:1).  Peak  2  contained  no  protein  and  was  composed  of  hexose,  methyl 
pentose  and  hexosamine  (9:2:1) .  SDS-polyacrylanide  gel  electrophoresis  showed 
several  distinct  bands  in  peak  1  and  none  in  peak  2,  when  stained  for  proteins 

Antiserum  was  developed  in  Mew  Zealand  white  rabbits  against  live 
organisms  of  strain  382.  536  antiserum  had  previously  been  raised.  Oucht^r- 

lony  double  diffusion  in  agar  was  done  using  antisera  from  strains  536  and  382 
as  well  as  ore- immunization  serum  with  the  following  antigens:  382-peak  1, 
382-peak  2,  whole  nembrane-5 36 .  The  results  were  as  follows:  there  was  no 
precipitin  line  with  536  and  anti- 382  (subspeciation  has  not  yet  been  done 
so  subspecies  or  strain  specificity  has  not  yet  been  determined) ;  there  were 
two  precipitin  lines  with  whole  membrane  536  and  anti-536;  no  lines  were 
seen  with  any  antigen  and  serum  prior  to  immunization;  two  lines  were  seen 
with  peak  1  332  and  anti-332;  no  lines  were  seen  with  peak  2  382  and  anti- 
382  (this  may  well  reflect  a  low  concentration  of  antigen  used  in  the  test). 
Immunoelectrophoresis  of  peaks  1  and  2  (strain  382)  with  anti- 382  is  currently 
being  performed.  Separation  of  the  carbohydrate  from  the  protein  in  peak  1 
is  currently  being  performed  in  order  to  study  further  the  antigenic  structure 
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